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[bookmark: _Toc531187709]Description of the eight case studies
The North Sea (NS) is one of the busiest seas with many sectors laying a claim to a limited amount of space.  Competing activities co-occur in the area, where the most important current activity is fisheries, and the main newly emerging activity is renewable energy exploitation. The regional management focus is thus to apply an integrated, interdisciplinary perspective and an ecosystem approach when developing the knowledge base on how these activities relate to the achievement of the Biodiversity Strategy targets and related policy objectives (Piet et al., 2019).
The Intercontinental Biosphere Reserve of the Mediterranean (IBRM) spans over two continents, Europe and Africa, and the marine area in between, of the Strait of Gibraltar. The study area encompasses all types of aquatic realms (Fig. 1). The economic activities in both the northern and southern sections of the case study area are based on agriculture, livestock, fisheries, and tourism, all of which are highly dependent on terrestrial and aquatic resources. The aquatic ecosystems provide a vital range of provisioning goods and services for sustaining human well-being (Barbosa et al., 2019).
The Danube River Basin (DRB) is the most international river basin, shared by 19 countries. The Danube River is the second largest river in Europe and is an example of a multiple-stressed, highly vulnerable riverine system, which still shows a high ecological potential despite its long-term exposure to socio-economic usage (Hein et al., 2018). However, ongoing and partly conflicting demands within and among the different neighbouring countries, inconsistencies in legislation, and drivers of change, are factors that aggravate the problem of a joint sustainable management. 
The Lough Erne in Ireland (LE) is a lake sustaining multiple primary activities each with different requirements from the system in terms of ecosystem services and biophysical abstraction. This heavily modified water body contains a range of non-native species with a very long history of introductions.  Balancing the needs of competing uses, while also meeting the additional legislative burden of the Invasive Alien Species Regulation, requires consensus on ecosystem end-points, as well as effective cross border cooperation (O'Higgins, Tim et al., 2018). 
The Southern European Ria de Aveiro is a Nature 2000 site (RAv) that covers the downstream area of the Vouga river until the Northeast Atlantic Ocean, encompassing all types of aquatic realms from freshwaters to marine waters (Lillebø et al.,2019). Due to its ecological complexity and diversity, it attracts very different types of socio-economic activities (Dolbeth et al., 2016). Such natural richness is protected under several environmental policies, and regulatory competencies are shared by many institutions. 
The Lake Ringsjön - Rönne å Catchment in Kattegat in Sweden (LR) is dealing with the process of eutrophication and their implications for the provision of ecosystem services along the Rönne å catchment. Cross-sector collaboration is being pursued for achieving best-practice water governance, particularly focusing on engaging stakeholders. Under the WFD targets, the aim is to seek best solutions for restoring water quality in Lake Ringsjön (Jöborn et al., 2005). 
The Swiss Plateau (SwP) corresponds to one of the biogeographical regions of Switzerland, located between the Alps and the Jura Mountains This area has historically concentrated most of the population and socio-economic activities of the country, influencing freshwater ecosystems strongly. While rigorous policies have driven the improvement of conditions, further efforts are underway to continue restoring freshwater ecosystems (Kuemmerlen et al., 2019), widely supported by stakeholders and public in general.
The Marine Protected Area of the Pico-Faial Channel in the Azores Archipelago (AZ) encompasses coastal and marine realms. The Channel is bordered by the Faial and Pico islands, and managed by international, national, and local institutions and biodiversity protection agreements. The Channel’s biodiversity supports ecosystem service flows highly valued by commercial and recreational fishers, as well as a swiftly growing eco-tourism sector (Ponce et al., 2015).
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[bookmark: _Toc531187710]Linkage framework: ecosystem components and ecosystem services
The ecosystem components (EC): hierarchic structure for characterizing habitats and highly mobile biota, summarized in the tables S1 and S2.
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* The “Other” domain contains natural habitats, as well as some modified anthropogenic habitats, that fall within the CS area and in the vicinity of the three major aquatic domains abovementioned.
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The Ecosystem Services (ES) and abiotic outputs of the system (AbO) classification used in this study (adapted from CICES), with specific examples for the aquatic environments presented in Table S4.
	Table S4. Ecosystem services and abiotic outputs of the system classification used in this study, adapted from CICES.

	Biotic (B) / Abiotic (A)
	ECOSYSTEM SERVICES & ABIOTIC OUTPUTS FROM THE ECOSYSTEM (Section / Division / Group level)
	AQUACROSS specific examples for aquatic ecosystems and related land/water-sea ecotones (builds and extends on examples from CICES v4.3)

	 
	Provisioning
	 

	B
	Energy
	 

	B
	Biomass-based energy sources
	e.g. algae for burning and energy production; fat, oils, cadavers from water and marine animals for burning and energy

	B
	Mechanical energy
	Mechanical energy meditated by biota is not applicable in aquatic systems; consider instead in Abiotic outputs of the system (see below under Renewable abiotic energy sources)

	A
	Energy abiotic
	 

	A
	Renewable abiotic energy sources
	e.g. Hydropower; waves energy

	A
	Non-renewable abiotic energy sources
	Not applicable to aquatic systems if we consider the examples provided in CICES - coal, oil, gas. These services are not a direct output of aquatic systems or the habitats under which they occur, but originate from deeper soil layers outside the range of our AQUACROSS habitats types. In addition, they have also been generated at completely different time scales (e.g. oil), which makes it even more difficult to attribute them to the habitats we are considering. In this sense, they should not be considered for the purpose of assessing Eco-ESS linkages in aquatic systems in the current framework.  However, their exploitation may occur in places where it causes a disturbance in aquatic environments (e.g. oil and gas platforms standing in the seabed habitats) and in those cases they should be considered instead as Activities and Pressures in the affected habitats.

	B
	Materials
	 

	B
	Biomass
	e.g. Sponges;  chemicals extracted or synthesised from algae; natural remedies and medicines (e.g. chondritin from sharks), dyes and colours, ambergris (from sperm whales used in perfumes); consumptive ornamental uses; plant, algae and animal material for fodder and fertilizer in agriculture and aquaculture; DNA material for breeding and aquaculture

	A
	Abiotic materials 

	A
	Water*
	e.g. Abstracted surface water from rivers, lakes and other open water bodies for domestic use (washing, cleaning and other non-drinking use), irrigation, livestock consumption, industrial use (consumption and cooling) etc. Freshwater abstracted from (non-fossil) groundwater layers or via ground water desalination for domestic use (washing, cleaning and other non-drinking use), irrigation, livestock consumption, industrial use (consumption and cooling) etc.

	A
	Metallic
	e.g. Poly-metallic nodules; Cobalt-Rich crusts; Polymetallic massive sulphides

	A
	Non-metallic
	e.g. Minerals; aggregates (sand/gravel); building materials (mud/clay).

	B
	Nutrition
	 

	B
	Biomass
	e.g. Salicornia (saltwort or samphire); seaweed (e.g. Palmaria palmata = dulse, dillisk) for food. Freshwater fish (trout, eel etc.), marine fish (plaice, sea bass etc.) and shellfish (i.e. crustaceans, molluscs), as well as equinoderms. Commercial and subsistence fishing and hunting for food. In situ seaweed farming. In-situ farming of freshwater (e.g. trout) and marine fish (e.g. salmon, tuna) also in floating cages; shellfish aquaculture (e.g. oysters or crustaceans) in e.g. poles.

	A
	Nutritional abiotic substances
	 

	A
	Water*
	e.g. Abstracted surface water from rivers, lakes and other open water bodies for drinking; Freshwater abstracted from (non-fossil) groundwater layers or via ground water desalination for drinking.

	A
	Mineral
	e.g. Marine salt

	A
	Non-mineral
	not applicable in aquatic systems

	 
	Regulation & Maintenance

	B
	Maintenance of physical chemical biological conditions

	B
	Lifecycle maintenance, habitat and gene pool protection
	e.g. Pollination by animals; seed dispersal by insects, birds and other animals. Habitats for nursery and reproduction e.g. seagrasses, microstructures of rivers etc.

	B
	Pest and disease control
	e.g. Pest and disease control including invasive alien species. In aquacultures and natural ecosystems and human populations.

	B
	Soil formation and composition
	e.g. Maintenance of bio-geochemical conditions of sediments; includes biological, chemical, physical weathering and pedogenesis; decomposition/mineralisation of dead organic material, nitrification, denitrification etc.), N-fixing and other bio-geochemical processes.

	B
	Water conditions
	e.g. Maintenance / buffering of chemical composition of freshwater /seawater column and sediment to ensure favourable living conditions for biota e.g. by denitrification, re-mobilisation/re-mineralisation of phosphorous, etc.

	B
	Atmospheric composition and climate regulation
	e.g. Global climate regulation by greenhouse gas/carbon sequestration by wetlands and aquatic ecosystems (water column and sediments and their biota); transport of carbon into oceans (DOCs) etc. Modifying temperature, humidity, wind fields; maintenance of rural and urban climate and air quality and regional precipitation/temperature patterns.

	A
	Maintenance of physical chemical abiotic conditions

	A
	By natural chemical and physical processes
	e.g. Climate regulation by modifying temperature, humidity, wind fields; maintenance of rural and urban climate and air quality and regional precipitation/temperature patterns.

	B
	Mediation of flows
	 

	B
	Mass flows
	e.g. Erosion / landslide / gravity flow protection; vegetation cover protecting/stabilising terrestrial (e.g. through riparian zone), coastal and marine ecosystems, coastal wetlands, dunes; vegetation on slopes also preventing avalanches (snow, rock), erosion protection of coasts and sediments by mangroves, seagrass, macroalgae, etc. Transport and storage of sediment by rivers, lakes, sea (e.g. nourishing beaches).

	B
	Liquid flows
	e.g. Capacity of maintaining baseline flows for water supply and discharge; e.g. fostering groundwater; recharge by appropriate land coverage that captures effective rainfall; includes drought and water scarcity aspects. Flood protection by appropriate land coverage (e.g. riparian corridors); coastal flood prevention by mangroves, seagrass, macroalgae, etc. (supplementary to coastal protection by wetlands, dunes).

	B
	Gaseous / air flows
	e.g. Natural or planted vegetation that serves as shelter belts (e.g. coastal dune shrubs & forests). Natural or planted vegetation that enables air ventilation (e.g. wetlands, riparian vegetation).

	A
	Mediation of flows by natural abiotic structures

	A
	Solid (mass), liquid and gaseous (air) flows
	e.g. Diffusion and dispersion by currents; topographic control by dunes and cliffs of wind erosion.

	B
	Mediation of waste toxics and other nuisances

	B
	Mediation by biota
	e.g. Bio-chemical detoxification/ decomposition/ mineralisation in land/soil, freshwater and marine systems including sediments; decomposition/detoxification of waste and toxic materials e.g. waste water cleaning, degrading oil spills by marine bacteria, (phyto)degradation, (rhizo)degradation etc. Biological filtration/ sequestration/ storage/ accumulation of pollutants in land/soil, freshwater and marine biota, adsorption and binding of heavy metals and organic compounds in biota.

	B
	Mediation by ecosystems
	e.g. Bio-physicochemical filtration/sequestration/storage/accumulation of pollutants in freshwater and marine ecosystems, including sediments; adsorption and binding of heavy metals and organic compounds in ecosystems (combination of biotic and abiotic factors). Bio-physico-chemical dilution of gases, fluids and solid waste, wastewater in lakes, rivers, sea and sediments.

	A
	Mediation of waste toxics and other nuisances

	A
	By natural chemical and physical processes
	e.g. Dilution by water; adsorption and sequestration of waters in sediments

	 
	Cultural
	 

	B
	Physical and intellectual interactions with biota ecosystems and land seascapes environmental settings

	B
	Physical and experiential interactions
	e.g. In-situ whale and bird watching, snorkelling, diving etc. Walking, hiking, climbing, boating, leisure fishing (angling) and leisure hunting. 

	B
	Intellectual and representative interactions
	e.g. Scientific; education; heritage; aesthetic; entertainment

	A
	Physical and intellectual interactions with land seascapes physical settings

	A
	Physical and experiential interactions
	e.g. Aquatic sports (e.g. surf, canoeing); submerged caves

	A
	Intellectual and representative interactions
	e.g. Scientific; education; heritage; aesthetic; entertainment

	B
	Spiritual symbolic and other interactions with biota ecosystems and land seascapes environmental settings

	B
	Spiritual and/or emblematic
	e.g. Symbolic; sacred and/or religious

	B
	Other cultural outputs
	e.g. Existence; bequest

	A
	Spiritual symbolic and other interactions with land seascapes physical settings

	A
	Spiritual and/or emblematic
	e.g. Sacred rocks or other physical structures or spaces; sacred water springs

	A
	Other cultural outputs
	e.g. Existence; bequest
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Figure S1. Plot of the number of EC-ES links reported in relation to the number of habitat units in the seven case studies. Logarithmic regression equation describing plotted trend line.

[bookmark: _Toc531187712]Data used for the calculations of the Ecosystem Services Supply (ESS) score
For this study, the Ecosystem Services Supply (ESS) score was calculated at the habitat assessment units level (n=148). Details of the ESS calculation are provided as SOM S1. To assess the ES Supply Potential we summed the mean of all reported ES valuations per EC (variable n depending on CS reporting per EC). To assess the ES Supply Capacity we summed the estimated areas occupied by each habitat assessment unit (n=148). Due to the big discrepancy in size the area across CS and hence habitats’ representation, the habitats area was transformed (log10 x+1) before ESS score calculation. The objective was to provide an overall view of the relative supply of the different habitat types based on their representativeness in the different case studies. To assess the ES Supply Condition the habitats classification per case study was averaged to provide a realm status per case study, which in turn was averaged across case studies sharing a given realm (Table S1). For example, where more than half of the case studies reported their rivers below good status, then Moderate condition was assumed for the realm ‘rivers’ in general and the correction factor of 0.67 was applied for all river habitats supply condition score. The objective was to derive a supply condition score that would capture a broader picture of these realms status at EU level. Condition was based on the latest local officially reported status for habitats in the areas of the case studies. The habitats in realms lakes, rivers, inlets & transitional, and coastal were classified according to EQS; habitats in shelf and oceanic according to GES; and habitats in riparian, wetlands, coastal terrestrial, and terrestrial natural according to FCS. Data on FCS, EQS and GES was retrieved from EU EEA online open repositories[footnoteRef:1]. For the conservation status and trends of habitats assessed under the Habitats Directive 92/43/EEC (Article 17; 2007-2012): EEA and EIONET; for status assessments under WFD: the WISE database and the online resources for the latest WFD reporting results released July 2018; and for state of the marine ecosystem under the MSFD: the WISE Marine online repository for Member States MSFD initial assessments.  [1:  Online resources links provided in the manuscript references section.] 

Habitats replaced by agricultural areas and urbanised areas were assumed as having a diminished potential to supply ES by ¾ and total loss of ES (i.e. 0), respectively.
For countries in this study, where EU legislation is not mandatory (highlight red in table S1), we used alternative approaches. For the Moroccan part of the IBRM case study, no EU data was available, and thus the habitats condition was assumed to be equal or worse than that of the Spanish side of the IBRM, as in Morocco environmental regulations are less stringent than EU ones. For the Swiss Plateau ‘rivers’ the information was taken from Kuemmerlen et al. (2019) (full reference in the manuscript), for the ‘riparian’ realm we assumed the same FCS as in the other EU countries.
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Table S5. ES Supply Condition correction factor adopted in general for the realms included in this study. Some exceptions for specific habitats within these realms, such as: water column habitats (1); eutrophic lakes (0.25); estuaries (0.25); deep sea habitats (1); springs of rivers (1); temporary rivers (0.25).
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[bookmark: _Toc531187713]Coefficient of variability
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* Aquatic and related habitats mean CV = 0.81
[bookmark: _Toc531187714]PERMANOVA 1: pairwise-tests results
Testing for significant differences between ES supply patterns from habitats and ES supply accounting only for mobile biotic groups associated with those habitats. The test design consisted of two-factor crossed analysis, with two fixed factors: EC (two levels: habitat n=251; and biota n=251) and Case Study (seven levels), with n ranging from 11 to 85 habitat units per EC x CS block (in LE and NS, respectively). Type III SS for unbalanced designs was used. Results of the pairwise tests presented below.
PERMANOVA 
Permutational MANOVA

Resemblance worksheet
Name: dummyVAR_1
Data type: Similarity
Selection: All
Transform: Presence/absence
Resemblance: S8 Sorensen (+d)

Sums of squares type: Type III (partial)
Fixed effects sum to zero for mixed terms
Permutation method: Permutation of residuals under a reduced model
Number of permutations: 999

Factors
Name	Abbrev.	Type	Levels
EC	EC	Fixed	     2
CS	CS	Fixed	     7

PAIR-WISE TESTS
Term 'ECxCS' for pairs of levels of factor 'EC'


Within level 'CS1' of factor 'CS'
	      	       	Unique
Groups	     t	P(perm)	 perms
Habitat, Biota	28,514	  0,001	   999

Denominators
Groups	Denominator	Den.df
Habitat, Biota	1*Res	   168

Average Similarity between/within groups
	Habitat	Biota
Habitat	  85,33	     
Biota	   57,2	  100

Within level 'CS2' of factor 'CS'
	    	       	Unique
Groups	   t	P(perm)	 perms
Habitat, Biota	11,915	  0,001	   999

Denominators
Groups	Denominator	Den.df
Habitat, Biota	1*Res	   114

Average Similarity between/within groups
	Habitat	 Biota
Habitat	 72,314	      
Biota	 36,954	76,608

Within level 'CS3' of factor 'CS'
	     	       	Unique
Groups	    t	P(perm)	 perms
Habitat, Biota	3,6739	  0,001	   995

Denominators
Groups	Denominator	Den.df
Habitat, Biota	1*Res	    50

Average Similarity between/within groups
	Habitat	Biota
Habitat	 59,015	     
Biota	 41,767	69,079

Within level 'CS4' of factor 'CS'
	      	       	Unique
Groups	     t	P(perm)	 perms
Habitat, Biota	2,2214	  0,01	   489

Denominators
Groups	Denominator	Den.df
Habitat, Biota	1*Res	    20

Average Similarity between/within groups
	Habitat	 Biota
Habitat	  61,14	      
Biota	 39,962	57,576

Within level 'CS5' of factor 'CS'
	      	       	Unique
Groups	     t	P(perm)	 perms
Habitat, Biota	4,6331	  0,001	   999

Denominators
Groups	Denominator	Den.df
Habitat, Biota	1*Res	    72

Average Similarity between/within groups
	Habitat	 Biota
Habitat	 58,484	      
Biota	50,135	96,597

Within level 'CS7' of factor 'CS'
	      	       	Unique
Groups	     t	P(perm)	 perms
Habitat, Biota	3,43012	  0,001	   718

Denominators
Groups	Denominator	Den.df
Habitat, Biota	1*Res	    22

Average Similarity between/within groups
	Habitat	 Biota
Habitat	 65,366	      
Biota	 40,058	73,939

Within level 'CS8' of factor 'CS'
	      	       	Unique
Groups	     t	P(perm)	 perms
Habitat, Biota	7,7264	  0,001	   993

Denominators
Groups	Denominator	Den.df
Habitat, Biota	1*Res	    42

Average Similarity between/within groups
	Habitat	Biota
Habitat	 67,596	     
Biota	 52,008	  100


[bookmark: _Toc531187715]Similarity profiles from Type 2 SIMPROF tests for ES
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Figure S2. Similarity profiles from Type 2 SIMPROF tests for ES, based on Whittaker's Index of Association resemblance measure among the subset of 29 ES. Dashed lines are limits within which 99% of resemblances would be expected to fall, for any given rank, under the null hypothesis of no association among ecosystem services (both ES and AbO).

[bookmark: _Toc531187716]Coherence curves from clustered ES
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Figure S3. Coherent curves of ecosystem services (ES and AbO) for the significantly different groups of services identified by cluster analysis and SIMPROF type 3 test. Each plot shows the consistency of services responses within groups and across habitats (according to PCO1 ordination of sites), and the y axes indicate the maximum service value found across the habitats assessment units. Group five is split in two subgroups of higher similarity, since it includes 21 services, and is a more heterogeneous group, though not significantly different.
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Domain Realm EUNIS habitats classification level 1

Lakes C Inland surface waters

Rivers C Inland surface waters

Riparian

E Grasslands and lands dominated by forbs, mosses or lichens

;

G Woodland, forest and other wooded land

Wetlands

C Inland surface waters

;

D Mires, bogs and fens

;

E Grasslands and lands dominated by forbs, mosses or lichens

Inlets & Transitional

A Marine habitats

;

J Constructed, industrial and other artificial habitats;

X Habitat complexes

Coastal Terrestrial B Coastal habitat land

Coastal A Marine habitats

Shelf A Marine habitats

Oceanic A Marine habitats

Agricultural

I Regularly or recently cultivated agricultural, horticultural and domestic habitats

;

X Habitat complexes

Terrestrial Natural F Heathland, scrub and tundra;

G Woodland, forest and other wooded land

Urban

J Constructed, industrial and other artificial habitats

Other

Table S2. Approximate equivalence of the AQUACROSS realms across the different domains (FW 

freshwaters; CW coastal waters; MW marine waters; and Other) with the level 1 of the EUNIS habitats 

classification.

FW

CW

MW
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DOMAIN

REALM

Lakes

Rivers

Riparian

Wetlands

Inlets & Transitional

Coastal Terrestrial

Coastal

Shelf

Oceanic

Agricultural

Terrestrial Natural

Urban

Overall condition correction 

factor

0.67 0.67 0.25 0.25 0.67 0.25 0.67 0.67 1 0.25 0.25 0

EQS; GES; FCS Moderate Moderate Unfavourable Unfavourable Moderate Unfavourable Moderate Not good Unfavourable

CHEMICAL status not good not good good good

1 North Sea

Moderate 7.5-34% FCS Moderate Not good High

2 IC Biosphere Reserve (SP)

Good Moderate 10 -15% FCS 12.3-14.5% FCS Moderate 7.5-34% FCS Moderate Not good High 0.25 15-26.2% FCS 0

2 IC Biosphere Reserve (MO)

Moderate Moderate 10 -15% FCS 12.3-14.5% FCS Moderate 7.5-34% FCS 0.25 15-26.2% FCS 0

3 Danube River basin

Moderate Moderate 10 -15% FCS 12.3-14.5% FCS 0.25 15-26.2% FCS 0

4 Lough Erne (IE)

Moderate Moderate 10 -15% FCS 12.3-14.5% FCS 0.25 15-26.2% FCS 0

5 Ria de Aveiro (PT)

Good Moderate 10 -15% FCS 12.3-14.5% FCS Moderate 7.5-34% FCS Moderate Not good 0.25 15-26.2% FCS 0

6 Lake Ringsjön (SE)

Poor Moderate 10 -15% FCS 12.3-14.5% FCS 0.25 0

7 Rivers Swiss Plateau

Moderate-Poor 10 -15% FCS 0.25 0

8 Azores Pico-Faial (PT)

High High

Freshwaters Coastal waters Marine waters Other
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Table S7. Coefficient of variability of ES expert valuations across domains and realms.

Domain

0.84 0.77 0.82 1.49

Realm

Oceanic Shelf Coastal

Inlets & 

Transitional

Coastal 

TerrestrialRiversLakes WetlandsRiparian

Terrestrial 

Natural AgriculturalUrban

0.92 0.76 0.70 0.74 0.87 1.02 0.82 0.67 0.77 1.41 1.24 1.81

Marine domain * Coastal domain * Freshwaters domain * Other
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Table S1. Grouping realms into major water domains:

Freshwaters

(FW)

Coastal waters

(CW)

Marine waters

(MW)

Other*



Biota



Lakes Coastal Terrestrial Shelf Agricultural Insects (adults)

Wetlands Inlets & Transitional Oceanic Terrestrial Natural Fish & Cephalopods

Rivers Coastal

Urban

Mammals

Riparian Amphibian

Reptiles

Birds


